Abstract
INTRODUCTION
Liver cancer contributed the 5 th highest mortality of cancer-related deaths, with an even higher morbidity rate, especially in Asia. The previous study showed that the hepatitis viral infection, including hepatitis B virus and hepatitis C virus, was a main reason for the high incidence of liver cancer in Asia. Current treatments of liver cancer include both curative and palliative approaches. In clinical practice, for those patients with early stage cancer, ablation, resection, transplant and ablation could be considered as curative treatments. However, for patients with intermediate and advanced stages of cancer, interventional treatment and sorafenib target therapy could be applied as palliative treatments. Nevertheless, the prognostic performance of liver cancer patients was poor. The reasons were complex, and the poor diagnoses and prognostic evaluations were the most appreciable aspects. In the clinic, alphafetoprotein (AFP) as a diagnostic and prognostic biomarker performs an important role, however its sensitivity and specificity were unsatisfactory, and some physiological activities could affect the expression of AFP, such as pregnancy and chronic hepatitis. Thus, screening for novel and effective biomarkers of liver cancer is critical.
The orosomucoid (ORM) family contains two genes in human, ORM1 and ORM2.
The ORMs family contains three isoforms, ORM1, ORM2 and ORM3, which were identified as acute-phase proteins in the inflammation response. Wan et al [1, 2] reported that ORM expression was elevated in response to cognitive impairment, and alleviated inflammation injury in the ischemic stroke mouse model. A detailed study identified that ORM2, but not ORM1 or ORM3, was highly expressed in the brain tissues of a neuroinflammation mouse model. In addition, ORM2 performed as an anti-inflammatory factor to inhibit microglial activation [3] . Furthermore, as an acutephase protein, ORM1 and ORM2 were also reported to be involved in the process of enzyme replacement therapy in Fabry disease patients [4] . Other studies of ORMs also focused on the regulation of sphingolipid synthesis in yeast [5, 6] . Besides, as acutephage genes, ORM genes were reported to encode for endoplasmic reticulum membrane proteins, which regulate lipid homeostasis [7] . Interestingly, as in the recent study, researchers reported that ORM1 and ORM2 take part in the pathogenesis of hepatitis B virus-associated acute liver failure [8] . Considering the importance of HBV in the occurrence and development of liver cancer, it is important to determine whether ORM1 and ORM2 function in liver cancer. According to our knowledge, it is unknown whether ORM1 and ORM2 are expressed in liver cancer, and whether they play a significant role in the development of liver cancer. In this study, we first identified highly expressed ORM1 and ORM2 specifically in the liver, as well as the downregulation of ORM1 and ORM2 in liver tumors. Further survival analysis showed that lower ORM2 levels predict poor prognosis, and, more interestingly, that enrichment analysis of ORM2 revealed that decreased ORM2 was closely associated with cancer-promoting signaling pathways and involved in the regulation of tumor immunity. We first identified the expression of ORM1 and ORM2 in liver cancer, and this study also showed the potential application of ORM2 as a prognostic factor for liver cancer patients. Furthermore, some cancer-promoting signaling pathways might serve as a potential mechanism that is mediated by ORM2 in liver cancer.
MATERIALS AND METHODS

HPA RNA-seq analysis of normal tissues
Expression analysis of ORMs in different human tissues was performed as part of the Human Protein Atlas (HPA) RNA-seq normal tissues project [9] . Gene expression was shown as Reads Per Kilobase per Million mapped reads (RPKM) according to the RNA-seq results, including adrenal, appendix, bone marrow, brain, colon, duodenum, endometrium, esophagus, fat, gall bladder, heart, kidney, liver, lung, lymph node, ovary, pancreas, placenta, prostate, salivary gland, skin, small intestine, spleen, stomach, testis, thyroid and urinary bladder.
HCCDB database analysis
HCCDB is an integrative molecular database of hepatocellular carcinoma [10] , and the ORM expression ratio was determined between liver tumors and adjacent normal tissues, liver tumor and other tumor tissues, normal liver and other normal tissues, liver tumors and other adjacent normal tissues. In addition, expression ratios were represented as fold change (FC) with log normalization.
TCGA cancer analysis with TIMER portal
Differential ORM gene expression between tumor and normal tissues of pan-cancer were conducted in the Diff Exp module of TIMER [11] . The sample data of different cancer types were obtained from the TCGA database. Gene expression levels were shown as RSEM with log2 normalization [12] . The correlation between ORM2 expression levels and tumor cell purity in the tumor tissues, as well as macrophage cell infiltration levels, were analyzed using the TIMER portal, and correlation analysis was conducted using the Pearson method.
Gene Expression Omnibus analysis
Differential levels of ORM1 and ORM2 in liver tumor and normal tissues were confirmed in GSE36376 [13] and GSE14520 [14, 15] with the Gene Expression Omnibus (GEO) database. GSE36376 contained 193 cases of non-tumor liver and 240 cases of liver tumor tissues, and GSE14520 contained 220 cases of non-tumor liver and 225 cases of liver tumor tissues. GPL10558 Illumina Human HT-12 V4.0 expression beadchips were applied as a platform for GSE36376, and GPL571[HG-U133A_2] Affymetrix Human Genome U133A 2.0 Arrays and GPL3921[HT_HG-U133A] Affymetrix HT Human Genome U133A Arrays were used as platforms for the GSE14520 series. The GEO-2R portal [16] was used to evaluate the different ORM expression levels. Benjamini & Hochberg (false discovery rate, FDR) was applied to adjust to the P value. The data were also applied for log transformation.
Survival analysis for prognostic evaluation
TCGA liver cancer patients were included to study the prognostic value of ORM1 and ORM2. The Kaplan-Meier plotter tool [17] was used to conduct the analysis of overall survival (OS), progression-free survival (PFS) and relapse-free survival (RFS) between ORM high and low expression groups in liver cancer patients. High and low expression of ORMs patients were determined using the median ORM levels. The logrank P value method [18] was used to evaluate statistical differences.
Gene Set Enrichment Analysis of ORM2 in liver cancer
TCGA liver cancer data were included to study the potential mechanistic network of ORM2 in liver cancer. The median levels of ORM2 were used to distinguish the low and high groups. Then, human. All. V7.0 Symbols. gmt [Hallmarks] and c5. All. V7.0 Symbols. gmt [Gene ontology] were set as the gene set databases, respectively, and the number of permutations was set at 1000. The Gene Set Enrichment Analysis (GSEA) reports could also be subjected to leading edges analysis using the GSEA software module [19, 20] .
Correlation analysis of different genes in liver cancer
Correlation analysis of differential genes was achieved using the GEPIA portal [21] . The correlation coefficient was evaluated by the Pearson method, and the results were calculated by non-log scale and visualized by a log-scale axis. The included samples contained TCGA liver tumor and TCGA adjacent normal liver tissues, and GTEx liver tissues [22] were also included to analyze the gene correlations.
Statistical analysis
Data from this study were graphed using GraphPad Prism software. The GEO-2R portal was used to analyze the GEO series, and P values were adjusted using Benjamini & Hochberg (False discovery rate, FDR). The difference between the two groups was tested by Student's t-test. Survival curve analysis was evaluated using the Kaplan-Meier plotter portal, and the log-rank P value was used to test significant difference.
RESULTS
ORMs genes are highly expressed specifically in human liver tissue
To evaluate the potential role of ORMs in the development of liver cancer, we first tested ORM expression in different human tissues by RNA-seq. As the results of Figure 1A and B show, ORM1 and ORM2 were significantly overexpressed in liver tissue, over 2000 times that of other tissues. To further evaluate the specific expression levels of ORMs in the liver, we further analyzed the differential ratios of ORM1 and ORM2 in liver tumors/adjacent liver tissues, liver tumors/other tumors, and adjacent liver tissues/other adjacent tissues. Results revealed that ORM1 and ORM2 were overexpressed in liver tumors compared with other tumor tissues. We further evaluated the expression ratios of adjacent liver tissues between others adjacent. From this aspect, we could conclude that ORMs were highly expressed in human tissues, suggesting that ORMs play important roles in liver function. More interestingly, ORM expression was downregulated in liver tumor tissues compared with adjacent liver tissues. Thus, we hypothesize that ORMs may serve as a potential regulatory mechanism in the occurrence and development of liver cancer.
ORM expression is decreased in liver tumor tissues
As mentioned above, ORM1 and ORM2 were highly expressed specifically in human liver tissues, and the differential expression ratio between liver tumors and adjacent normal tissues showed that ORM1 and ORM2 expression were decreased in tumor tissues. This led us to further explore the expression and potential role of ORM genes in cancer development. In this study, TCGA cancer databases including several cancer types were used to evaluate the expression of ORMs in tumor and adjacent normal tissues, respectively. As the results showed, ORM1 and ORM2 were both decreased in liver tumor tissues compared with adjacent normal tissues. A similar phenomenon was also observed in cholangiocarcinoma, esophageal carcinoma and lung squamous cell carcinoma. Meanwhile, ORM1 and ORM2 were overexpressed in breast invasive carcinoma, colon adenocarcinoma, head and neck squamous cell carcinoma, kidney renal clear cell carcinoma, kidney renal papillary cell carcinoma, rectum adenocarcinoma and uterine corpus endometrial carcinoma. Considering the low ORM expression levels in these tissues, and their overexpression in these cancer types, ORM genes may play different roles in different cancer types. 
Verification of ORM downregulation in liver tumor tissues
In this study, we identified that ORMs (including ORM1 and ORM2) were decreased in tumor tissues compared with adjacent normal liver tissues ( Figure 1C and D, and Figure 2 ). To further verify the significant differential expression of ORMs in liver cancer, we further evaluated the expression of ORMs in liver tumors, adjacent normal tissues and GTEx liver tissues. The results showed that ORM1 and ORM2 expression were both lower in tumor tissues ( Figure 3A and B). Moreover, microarray analysis of liver tumors and adjacent normal liver tissues was also performed to confirm the downregulation of ORMs in liver tumor tissues. Two series of GSE36376 and GSE14520 both showed that ORM1 and ORM2 were lowly expressed in liver tumor tissues ( Figure 3C-F) . From these results, we could conclude that ORM genes (including ORM1 and ORM2) were downregulated in liver tumors, and that ORMs were highly expressed specifically in normal liver tissues compared with other organ tissues. This suggests that ORMs might function as an important regulator in the occurrence and development of liver cancer.
Lower ORM2 expression predicts poor prognosis
ORM1 and ORM2 were both downregulated in liver tumors. Combined with the results of high ORM1 and ORM2 expression in normal liver tissues, we hypothesized that ORMs might play an important role in liver function. To confirm this hypothesis, the effect of ORM expression on liver cancer patient survival rate was examined by the Kaplan Meier plotter. Results revealed that the OS and RFS between the high ORM1 and lower ORM1 groups have no significant difference, and performed slightly differently in PFS analysis. The higher ORM2 patient group showed better survival rates in OS, PFS and RFS analysis ( Figure 4 ). As mentioned above, we identified that ORM2 was decreased in liver tumor tissues compared with adjacent normal tissues. We thus believe that ORM2 might play a role in normal liver function, and that its downregulation might be involved in liver cancer development. ORM2 has the potential role of functioning as a biomarker for liver cancer patients.
Enrichment analysis reveals ORM2 to positively associate with cancer-promoting signaling
ORM2 expression was decreased in liver tumor tissues, and survival rate analysis also revealed that patients with lower ORM2 expression represent a poorer prognosis. Furthermore, ORM2 could act as a novel prognostic factor for liver cancer patients. Considering the potential applicable value of ORM2 in liver cancer, we further evaluated the regulatory network of ORM2 with gene enrichment analysis using the TCGA liver cancer database. As shown in Figure 5B -F, the signaling mechanism in liver cancer, we first reported that ORM2 positively associated with G2/M checkpoint signaling, E2F targets pathways, mitotic spindle regulation, Wnt/β-catenin and hedgehog signaling pathways. The G2/M checkpoint and mitotic spindle signaling pathways are important for the regulation of cancer cell proliferation. Additionally, E2F was reported as a transcription factor, and its target genes are widely involved in the regulation of DNA replication, cell cycle regulation, DNA repair and tumor differentiation [23] [24] [25] . Furthermore, Wnt/β-catenin and hedgehog signaling were widely reported to be classical cancer-promoting signaling pathways, which are commonly activated during the development of some cancer types [26] [27] [28] , with liver cancer representing one of the most significant types [29, 30] . Furthermore, leading edges analysis also revealed the close correlation between ORM2 and these cancerpromoting pathways, suggesting that ORM2 is involved in the regulation of liver cancer by mediating these cancer-promoting pathways and their downstream targets.
ORM2 negatively associates with anti-tumor immune regulation
We identified that downregulated ORM2 was positively associated with cancerpromoting signaling pathways, including Wnt/β-catenin and hedgehog signaling, and involved in the regulation of proliferation by cell cycle activation. This revealed that ORM2 downregulation in liver tumors may contribute to the development of liver cancer. To further understand the potential mechanism of ORM2 in the development of liver cancer, this study also explored the negative regulation of ORM2 in liver cancer. Interestingly, the results showed that the downregulation of ORM2 was negatively associated with apoptosis ( Figure 6A ). Considering the importance of interferon (IFN) treatment in clinical liver cancer therapy [31, 32] , this study also revealed that decreased ORM2 was significantly correlated with the response of IFN treatment ( Figure 6B and C), including IFN-α and IFN-γ. To further evaluate the role of ORM2 in the regulation of tumor immunity in liver cancer, we also evaluated the correlation between ORM2 expression and the humoral immune response, and the results showed a high enrichment score ( Figure 6D ). From these results, we have reason to believe that the downregulation of ORM2 in liver tumors is involved in the regulation of tumor immunity. In addition, the negative enrichment results suggest that decreased ORM2 expression in liver tumors might contribute to immune suppression by the anti-tumor immune response.
ORM2 negatively associates with regulation of anti-tumor immunity
In Figure 6 , we first evaluated the association of ORM2 and tumor immunosuppression to deeply understand the correlation of ORM2 with the regulation of tumor immunity. Firstly, this study examined tumor purity and ORM2 expression in liver tumor tissues, and the results showed that ORM2 expression negatively correlated with tumor purity ( Figure 7A ). This suggested that many other cell types infiltrated into the liver tumor tissues. Since many studies have revealed the importance of macrophages in the process of tumor immunosuppression, we further tested the infiltration levels of macrophages and ORM2 expression levels, and their significantly negative correlation suggested that macrophages might play an important role in ORM2-mediated immunosuppression ( Figure 7B ). According to a previous study, most of the infiltrated macrophages in tumor tissues are tumorassociated macrophages (TAMs), shown to be M2-like [33] . To confirm this hypothesis, the correlation of ORM2 and TAM-related markers (CD68 and TGFβ1) was analyzed, and the results revealed a significantly negative correlation, suggesting that higher TAMs result from decreased ORM2 in tumor tissues. Immune checkpoint regulation was essential for T cell-mediated cancer-killing effects, and decreased ORM2 in immunosuppression was associated with the regulation of immune checkpoints. To validate this hypothesis, two classical immunosuppression checkpoints, CTLA-4 and PD-1, were subjected to analysis of expression correlation with ORM2. As shown in Figure 7E and F, ORM2 expression was remarkably negatively correlated with CTLA-4 and PD-1, revealing that decreased ORM2 in liver tumor tissues showed higher CTLA-4 and PD-1 expression in tumor tissues. From this aspect, downregulated ORM2 in liver tumors also gave us some guidelines for liver cancer therapy, especially for immune therapy to treat liver cancer.
DISCUSSION
ORMs were reported to be acute-phage genes in a mouse model, and upon inflammation induction, ORM expression could be evaluated and reversed upon bodily injury. However, its expression and significance in cancer have not been fully studied. To understand the role of ORMs in the regulation of human bodily functions, we first explored the differential expression of ORMs in different organs. Interestingly, we identified that ORMs, including ORM1 and ORM2, were both highly specifically expressed in liver tissues (Figure 1 ), suggesting their potential regulation of liver function. Furthermore, in this study, we also explored the expression of ORMs in pan-cancer types, and our results showed that ORMs were overexpressed in breast invasive carcinoma, colon adenocarcinoma, head and neck squamous cell carcinoma, kidney renal clear cell carcinoma, kidney renal papillary cell carcinoma, rectum adenocarcinoma, and uterine corpus endometrial carcinoma. In cholangiocarcinoma, esophageal carcinoma and lung squamous cell carcinoma, ORMs were significantly decreased in tumor tissues (Figure 2) . Previous reports revealed the potential role of ORM2 in the development of colorectal cancer [34] , and these results signify that ORMs may vary in their functional regulation of distinct organs. Notably, we confirmed the downregulation of ORMs in liver cancer (Figure 3) , as well as the significance of Figure 4 Figure 4 Liver cancer patients were subjected to examination of the overall survival, progression-free survival and relapse-free survival rates in orosomucoid high and low patient groups. A and B: Overall survival rate was determined to study the effect of orosomucoid 1 (ORM1) and ORM2 on liver cancer patients. C and D: Progression-free survival rate analysis was used to evaluate the role of ORM1 and ORM2 in liver cancer patients. E and F: High and low ORM patient groups were studied to determine relapse-free survival rates. OS: Overall survival; PFS: Progression-free survival; RFS: Relapse-free survival.
ORMs in liver cancer. To state the problem, the effect of ORMs on the survival rate of liver cancer patients was the subjected of this study, and we showed that ORM2, but not ORM1, could perform as a reliable biomarker for the prognostic prediction of liver cancer patients ( Figure 4 ). As it was highly-expressed specifically in liver tissue, downregulated ORM2 could serve as a competitive biomarker for better evaluation of liver cancer patients. To better understand the role of ORM2 in the regulation of liver cancer, this study also revealed the enrichment analysis of ORM2 in liver cancer patients. To our surprise, we first identified that downregulated ORM2 expression was positively associated with the G2/M checkpoint, E2F target signaling pathway, mitotic spindle, Wnt/β-catenin and hedgehog signaling pathways ( Figure 5 ). As in previous studies, these pathways were considered to be cancer-promoting. This is combined with the specific high expression of ORM2 in normal liver ( Figure 1 ) and its significantly decreased expression in liver tumors. We therefore have reason to believe that decreased ORM2 might be a marker for liver cancer. Besides, this study also analyzed the negative enrichment of ORM2 in liver cancer, and apoptosis was significantly enriched. Moreover, we also evaluated the close association between the IFN treatment response and ORM2 in liver cancer. As IFN treatment in clinical liver cancer therapy is used in immune therapy, the previous study showed ORM1 could regulate the polarization of monocytes to the macrophage M2b-phenotype to control opportunistic infection [35] . As a similar isoform, it is unclear whether ORM2 also functions in the immune response. Therefore, we assigned the association between ORM2 and the humoral immune response in liver cancer. The significant negative association provided a new direction for the study of ORM2 in liver cancer (Figure 6 ). In detailed analysis, ORM2 was closely involved in tumor-associated macrophage (TAM) infiltration and the T-cell mediated checkpoint in liver tumor tissue (Figure 7 ). This might contribute to the tumor immunosuppression mediated by decreased ORM2. As was recently reported, the role of checkpoint therapy in liver cancer was poor, the most important reason being the low expression of immune checkpoints in liver cancer patients. It is therefore essential to pre-examine the expression of immune checkpoints before clinical therapy. Excitingly, downregulated ORM2 could be another marker for efficiently predicting the need to apply immune checkpoint therapy. 
ARTICLE HIGHLIGHTS
Research background
Liver cancer is an important factor in cancer-related death, where the rate of mortality is significantly higher than the rate of morbidity. Many factors contribute to the poor prognosis of liver cancer, and the deficiency of drugs is worthy of attention. Furthermore, drug resistance could shorten the survival time of liver cancer patients. Thus, to screen a novel and efficient biomarker is important for optimizing treatment therapies for liver cancer patients.
Research motivation
To confirm the expression and significance of orosomucoid genes (ORMs) in liver cancer, especially for assessing the prognostic value of ORM2 in liver cancer.
Research objectives
This study aimed to evaluate the expression of ORM genes in liver cancer, and to reveal its significance for patient prognosis. Besides, this study also aimed to screen the potential mechanism of ORM2's involvement in the development of liver cancer.
Research methods
Different human tissues were included to evaluate the expression of ORM1 and ORM2 as part of the HPA RNA-seq project. Analysis of ORM1 and ORM2 expression in different tumor types was achieved using the HCCDB database and TIMER portal. ORM1 and ORM2 expression in liver tumor tissues and surrounding normal tissues were tested using the TCGA database and GEO series, including GSE36376 and GSE14520. Survival rate analysis between ORM1 and ORM2 high or low expression groups, respectively, was assessed by a Kaplan-Meier plotter portal, including the overall survival (OS), progression-free survival (PFS) and relapse-free survival (RFS). The potential mechanism associated with ORM2 was evaluated by Gene Set Enrichment Analysis (GSEA). The correlation between ORM2 expression and the infiltration of tumor and macrophage cells was analyzed using the TIMER portal. The expression of ORM2, CD68, TGFβ1, CTLA4, and PD-1 were assessed using the GEPIA database, and correlation analysis was performed on normal and tumor liver GTEx samples.
Research results
We determined that ORM1 and ORM2 are highly expressed in liver tissues, and, more interestingly, that ORM1 and ORM2 expression are downregulated in liver tumor tissues, which was also confirmed in cholangiocarcinomas, esophageal carcinomas and lung squamous cell carcinomas. The high ORM2 expression group showed better survival rates in liver cancer patients upon OS, PFS and RFS analysis. The GSEA analysis associated with ORM2 in liver cancer showed that ORM2 was closely associated with the G2/M, E2F, Wnt/β-catenin and Hedgehog signaling pathways. Besides, the ORM2 high-expression patients group showed a close association with apoptosis, an IFN-α response, IFN-γ response and humoral immune response in liver cancer. Correlation analysis also revealed a negative correlation between ORM2 and the macrophage infiltration level, CD68, TGFβ1, CTLA4 and PD-1 expression.
Research conclusions
Our findings revealed that ORM1 and ORM2 are highly expressed in liver tissues, but downregulated in liver tumor tissues, suggesting that this is an important factor in the development of liver cancer. ORM2 could act as a good biomarker for predicting the prognosis of liver cancer patients, and it is closely associated with some cancer-promoting pathways.
Research perspectives
In this project, we identified the downregulation of ORM1 and ORM2 in liver cancer, and revealed that ORM2 could perform as a novel biomarker to predict the prognosis of liver cancer patients. In the following work, multivariate analysis of ORM2 and its clinical applications could be further evaluated.
